Introduction
============

Attention deficit hyperactivity disorder (ADHD) is a high prevalence psychiatric disorder, with a worldwide prevalence of 5.29% for children and adolescents and 4.4% in adulthood.[@b1-ndt-12-581],[@b2-ndt-12-581] Individuals with ADHD are at high risk for developing other psychiatric comorbidities in childhood, adolescence, and adulthood.[@b3-ndt-12-581]--[@b5-ndt-12-581] Boys are twice as likely to be affected with ADHD than girls.[@b6-ndt-12-581],[@b7-ndt-12-581]

In general, the pathogenesis of ADHD is assumed to be multifactorial influenced by genetic and environmental factors.[@b8-ndt-12-581],[@b9-ndt-12-581] Previous studies failed to show substantial and significant correlations between ADHD subtypes in families.[@b10-ndt-12-581]--[@b12-ndt-12-581] They, therefore, suggest a unique genetic cause for ADHD and nonfamilial, environmental causes for different symptoms focus and subtype. Relevant environmental factors are psychosocial factors such as lower socioeconomic status, maternal psychiatric disorder, and family dysfunction.[@b13-ndt-12-581]--[@b16-ndt-12-581] Notably, these factors tend to serve as universal predictors for children's mental health rather than being specific to ADHD.[@b8-ndt-12-581],[@b17-ndt-12-581] Furthermore, coercive child--parent interactions take place more in families with ADHD children: parents give more verbal directions and repeated commands, communicate negatively more frequently, and are less responsive than parents of children without ADHD.[@b18-ndt-12-581]--[@b22-ndt-12-581] Biological factors like maternal smoking, drug and alcohol exposure during pregnancy, and low birth weight also contribute to ADHD.[@b23-ndt-12-581]--[@b26-ndt-12-581]

ADHD symptoms tend to change over time with waning hyperactivity and impulsivity, but rather persisting inattention.[@b27-ndt-12-581] During childhood, more motor activity, shorter duration of play, higher frequency of activity shifts, more oppositional behavior, and less social skills are reported.[@b20-ndt-12-581],[@b28-ndt-12-581]--[@b30-ndt-12-581] In addition, these children suffer from distractibility, school problems, low achievement motivation, rejection from peers, and low self-esteem.[@b31-ndt-12-581]--[@b33-ndt-12-581] In adolescence, they reveal less hyperactivity but internal fidgetiness, persisting inattention, emotional problems, aggressive, dissocial, and alcohol/drug problems.[@b31-ndt-12-581],[@b34-ndt-12-581] Adults with ADHD show a higher divorce rate, have more interpersonal conflicts, suffer from emotional dysregulation, and report more problems in organizing and planning activities, more car accidents, and more drug and alcohol problems than healthy adults.[@b35-ndt-12-581]--[@b37-ndt-12-581]

In 41%--55% of the families with at least one child with ADHD, at least one parent is also affected.[@b12-ndt-12-581],[@b38-ndt-12-581] Based on high heritability and chronification, the disorder frequently affects both children and their parents. Parental ADHD influences family functioning, parenting, and the quality of life of their children.[@b39-ndt-12-581]--[@b43-ndt-12-581] Inattention and impulsivity are especially suggested to impair parenting by leading to impaired organizational skills.[@b44-ndt-12-581] Families with parents suffering from ADHD show less structure in everyday life. This mediated a positive association between parental ADHD symptoms and inconsequent discipline, involvement, and unsupportive responses to expressed negative emotions of the child.[@b45-ndt-12-581]

Therapy of children and adolescents suffering from ADHD includes psychoeducation, parent training, school intervention, psychopharmacological or behavior therapy.[@b46-ndt-12-581],[@b47-ndt-12-581] According to the National Institute for Health and Clinical Excellence, parent training is the first-line treatment for preschool children, school-age children, and adolescents with mild-to-moderate ADHD.[@b48-ndt-12-581]

Parental ADHD might not only affect family functioning, but also treatment utilization and outcome of child therapy or parent training.[@b42-ndt-12-581] Several studies imply that parent training for ADHD children is less effective for parents suffering from ADHD.[@b18-ndt-12-581],[@b49-ndt-12-581],[@b50-ndt-12-581] Parent training was effective in changing behavior in ADHD children for mothers with low and medium ADHD symptoms, but not for mothers suffering from high ADHD symptoms.[@b49-ndt-12-581] Mothers with higher levels of ADHD perceived less change in their ADHD children's disruptive behavior after brief parent training.[@b50-ndt-12-581]

To date, lots of treatment studies have focused either on parents of children with ADHD[@b51-ndt-12-581]--[@b54-ndt-12-581] or adults with ADHD themselves.[@b55-ndt-12-581]--[@b57-ndt-12-581] Comparatively, few have examined samples of affected parents,[@b58-ndt-12-581]--[@b63-ndt-12-581] even though about half of the ADHD children have at least one ADHD parent.[@b12-ndt-12-581],[@b38-ndt-12-581] Effects of pharmacotherapy on parenting vary across different trials and measures, for example, ADHD mothers reported medium to large effects on inconsistent discipline and involvement with methylphenidate,[@b59-ndt-12-581] which could not be observed by clinicians.[@b60-ndt-12-581] There were no interaction effects of behavioral parent training and pharmacotherapy.[@b58-ndt-12-581] Furthermore, prevalence of children with ADHD receiving a treatment and having parents with ADHD is lacking. Therefore, the aim of this study was to evaluate the magnitude and severity of parental ADHD in a German clinical sample of children with ADHD. For this clinical sample, we first hypothesized parental ADHD in most of the households with affected children.[@b12-ndt-12-581] Second, based on previous findings, we expected to find equally sized groups of parents with low, medium, and high levels of ADHD symptoms according to the distribution found by Sonuga-Barke et al.[@b49-ndt-12-581] Third, we expected no significant relationship between the ADHD subtypes of the children and their parents.[@b12-ndt-12-581]

Method
======

Study sample
------------

The sample consisted of 79 children and adolescents suffering from ADHD and their mothers and fathers from Germany who started outpatient treatment in a social pediatrics center. Only children and adolescents diagnosed with ADHD based on International Classification of Diseases, 10th edition (ICD-10) criteria,[@b64-ndt-12-581] by attending professional psychotherapist, were included in the present study, either as having a mixed subtype (F90.0: "Disturbance of activity and attention," F90.1: "Hyperkinetic conduct disorder") or a predominantly inattentive subtype (F98.8: "Other specified behavioral and emotional disorders with onset usually occurring in childhood and adolescence"). Children with physical illness or comorbid psychiatric disorders were excluded. The subjects' sex, age, medication, and distribution of diagnoses are shown in [Table 1](#t1-ndt-12-581){ref-type="table"}.

Most of the participating children lived with both of their parents (63.3%), 33.8% lived with one parent after a divorce. The remaining children lived with their grandparents (2.9%).

Participation in this study included the completion of these psychological questionnaires by parents and participation was absolutely voluntary. Furthermore, parents were prior adequately informed of the aims, methods, any possible conflicts of interest, institutional affiliations of the psychologists, the anticipated benefits and potential risks of the study and the discomfort it may entail, post-study provisions, and any other relevant aspects of the study. They were informed that participation in this project was independent to treatment and that they had the right to refuse to participate in the study or to withdraw consent to participate at any time without reprisal. Psychologists ensured that the parents had understood the information, afterwards, the psychologist sought the potential subject's freely-given written informed consent. In addition, all parents were informed about the opportunity of getting information about the general outcome and results of the study.

The psychologist was not involved in any therapy or otherwise dependent relationship with the parents. Only subjects who were capable of giving informed consent were included. The psychologists had fully informed the parents concerning the questionnaires and that this project was not a part of any treatment. In addition, the parents were informed that the refusal to participate or their decision to withdraw from the study had no effect on any other aspects as treatment or patient-physician relationship. The study was conducted according to standard ethical guidelines as defined by the Declaration of Helsinki. The Institutional Review Board did not require additional ethical approval because the data were selected from a standardized diagnostic procedure. A total of 180 questionnaires were handed out, of these 79 families with at least questionnaires of one parent were given back. The response rate was 43.89%. Cases with completed forms from at least one parent were admitted to the study. In the rare case of forgotten items, we utilized mean value replacement to build proper sum scores.

Diagnostic measures
-------------------

### Wender Utah Rating Scale

The WURS-K[@b65-ndt-12-581] is the German short version of the Wender Utah Rating Scale.[@b66-ndt-12-581] The scale is a self-assessment tool for the retrospective assessment of the presence and severity of ADHD in childhood (age 8--10 years). It comprises 25 items, of which 21 refer to ADHD (inattention, hyperactivity, impulsivity, emotional dysregulation, temper, affective lability, emotional overreactivity, and disorganization) and four serve as control items. Adults rated themselves on a 5-point Likert scale ranging from 0 (not at all or very slightly) to 4 (very much). At a cutoff score of 30 or higher, sensitivity was 85% and specificity was 76%. The scale manifested excellent internal consistence (α=0.91) and a split-half correlation of *r*~12~ =0.85.[@b67-ndt-12-581]

### ADHS-Selbstbeurteilungsskala

The ADHS-Self-Report (ADHS-SB)[@b68-ndt-12-581] is a self-report tool based on the 18 ICD-10[@b64-ndt-12-581] research and the *Diagnostic and Statistical Manual of Mental Disorders*, 4th edition criteria.[@b69-ndt-12-581] Eighteen items cover inattention, impulsivity, and hyperactivity and four additional items cover age of onset, generalization, and subjective affliction on a 4-point Likert scale. According to the authors, a cutoff score of 15 provides a sensitivity of 77% and a specificity of 75%. Retest-reliability (*r*=0.80) and internal consistence (α=0.90) are good.[@b68-ndt-12-581] In this study, we used the ADHS-SB to evaluate ADHD symptoms according to *Diagnostic and Statistical Manual of Mental Disorders*, 5th edition (DSM-5).[@b70-ndt-12-581] We used DSM-5 criteria as they better determine adults with ADHD even if they no longer show all of their childhood symptoms due to developmental maturing or compensation. The 18 requested core symptoms remained the same from *Diagnostic and Statistical Manual of Mental Disorders*, 4th edition to DSM-5. However, in the new version, five instead of six symptoms in one domain are requested for diagnosis.

Statistical analyses
--------------------

For all analyses, SPSS version 21.0 (IBM Corporation, Armonk, NY, USA) was used. We tested for Gaussian distribution of all relevant variables using the Kolmogorov--Smirnov test. The level of significance was set at α≤0.05. All variables were normally distributed. Chi-square test was used for the categorical variables and unpaired sample *t*-test for numeric variables.

Results
=======

To examine the frequency of parental ADHD symptomatology in our study sample, we first analyzed the sum scores of the WURS-K according to sex in mothers and fathers. For mothers (n=75), a mean of M=22.42 (standard deviation \[SD\] =10.99) was found for the sum score of the WURS-K, while fathers (n=49) showed a mean of M=25.83 (SD =13.92). An unpaired *t*-test revealed no significant differences between mothers and fathers (*P*=0.253; d~Cohen~=0.279). The separate analysis of the WURS-K for mothers and fathers revealed that 49.1% of the fathers scored above the cut-off (≥30) for ADHD symptomatology in childhood, while 27.3% of the mothers scored above the cut-off ([Figure 1](#f1-ndt-12-581){ref-type="fig"}). This difference was significant (*χ*^2^ (1)=6.600; *P*=0.017).

For current ADHD symptomatology (ADHS-SB), mothers reported a mean of M=12.17 (SD =10.54) and fathers a mean of M=14.56 (SD =12.67). This result was not significantly different between mothers and fathers (*P*=0.125; d~Cohen~=0.209). However, about 43.1% of fathers and 33.8% of mothers scored above the cut-off (≥15; [Figure 2](#f2-ndt-12-581){ref-type="fig"}). The difference between mothers and fathers concerning their current ADHD symptomatology was not significant (*χ*^2^ (1)=1.150; *P*=0.352). Results are displayed in [Table 2](#t2-ndt-12-581){ref-type="table"}.

Regarding the aggregated frequency of ADHD symptomatology for parents above the cut-off criteria of the ADHS-SB and WURS-K, we revealed a high incidence for ADHD symptoms in childhood (36.4%; WURS-K) as well as current ADHD symptomatology (37.5%; ADHS-SB).

To distinguish between parents with low, medium, and high symptomatology, we split the total score of the ADHS-SB into three groups according to Sonuga-Barke et al[@b49-ndt-12-581]: low symptomatology (0--7 symptoms present), medium symptomatology (8--15 symptoms present), and high symptomatology (≥16 symptoms present). About half of the parents had low symptom severity. The results are represented in [Table 3](#t3-ndt-12-581){ref-type="table"}.

Based on the diagnostic guidelines of the ADHS-SB, we identified different subtypes: ADHD mixed subtype (DSM-5), ADHD primarily hyperactive-impulsive subtype (DSM-5), ADHD primarily inattentive subtype (DSM-5), and ADHD according to ICD-10 (F90.0). For this purpose, we only examined if a symptom was present or absent, regardless of its value on ADHS-SB. [Table 4](#t4-ndt-12-581){ref-type="table"} shows the various diagnoses for both parents. According to this procedure, 41.3% of the mothers and 51.0% of the fathers fulfilled criteria of an ADHD diagnosis. The difference between mothers and fathers concerning their ADHD diagnosis was not significant (*χ*^2^ (1)=2.431; *P*=0.092). In addition, 44.3% (N=35) of the children had at least one parent who currently met the ADHD criteria, whereas no significant relation between parental diagnosis and ADHD diagnosis of their child was observed (*χ*^2^ (4)=5.767; *P*=0.217 \[mothers\]; *χ*^2^ (4)=3.060; *P*=0.383 \[fathers\]). According to our results, the subtype distribution of child ADHD symptomatology therefore does not correspond to subtype symptomatology in affected parents.

Discussion
==========

Our study showed that about 44% of ADHD children in a clinical sample have at least one parent with symptoms that fulfill criteria for adult ADHD diagnosis. About half of all parents showed more than seven symptoms. Parental and child ADHD diagnosis were not related.

Regarding our first hypothesis, we found the percentage of children having at least one parent fulfilling clinical ADHD criteria to be 44%. This rate is lower than 55% found by Smalley et al,[@b12-ndt-12-581] but corresponds to 41% by Takeda et al.[@b38-ndt-12-581] Smalley et al[@b12-ndt-12-581] analyzed ADHD-affected sibling pairs, which might reflect families with higher genetic load and thus higher rates of parental ADHD. In addition, they reported significantly more affected parents in families with at least one affected girl in their population of 70% boys and 30% girls with ADHD. Our sample consisted of only 20% girls who could account for the even smaller prevalence like Takeda et al[@b38-ndt-12-581] with 24% affected girls. Another evidence for the pertinence of the ADHD child's sex for parental ADHD prevalence could be the higher symptom number of siblings of females with ADHD than siblings of ADHD males.[@b71-ndt-12-581] Additionally, Goos et al[@b72-ndt-12-581] found higher ADHD severity among children with maternal ADHD history than paternal ADHD, whereas Takeda et al[@b38-ndt-12-581] found paternal ADHD to influence severity and maternal not at all. As our major interest was the potential effect of parental ADHD symptoms on family functioning and child therapy outcome, we focused mainly on current symptomatology for identifying ADHD types and neglected childhood symptoms for frequency calculation. Following this, we cannot rule out a possible overestimation of clinical diagnoses.

The responding rate of 43.89% for the parents' questionnaires could have induced an underestimation of parental ADHD frequency and severity in terms of parents with higher levels of ADHD might struggle with sending back the documents due to problems in organizing and sticking to a task based on their inattention problems. It is also conceivable that parents with low socioeconomic status or parents who are unsatisfied with the treatment had lower motivation for being compliant and this decreased the responding rate. We will therefore address this potential bias in another ongoing study by comparing possible influencing factors (sociodemographic factors, child therapy outcome, and parental symptom severity) of compliant and noncompliant parents.

We found no significant correlation of ADHD type for child and parents, concordant to Smalley et al.[@b12-ndt-12-581] The vast majority of children in our sample had a mixed subtype, whereas the majority of affected parents had an inattentive or in similar quantity a mixed subtype, according to DSM-5 criteria. As the children were diagnosed according to the ICD-10 classification system, this could possibly be associated with a lower presence of subtype relation. Supplementary, criteria for mixed subtype differed between ICD-10 and DSM-5 not for the amount of required symptoms, but for the core symptoms. ADHD subtypes in the context of family structures is still a matter of debate. Results of Faraone et al[@b10-ndt-12-581],[@b11-ndt-12-581] and Smalley et al[@b12-ndt-12-581] militate in favor of a shared genetic contribution to inattention and hyperactivity-impulsivity. Though Faraone et al[@b10-ndt-12-581] showed that inattentive and combined ADHD types did not repeat in relatives, but the hyperactive-impulsive did. Yet this effect was limited by a small sample size. Furthermore, Todd et al[@b73-ndt-12-581] also revealed that the primarily inattentive and combined subtypes coclustered within families and the hyperactive-impulsive type was specific. They suggested different subtyping not through DSM criteria but by differentiating between the severity of symptoms ("latent class").

Furthermore, contrary to our hypothesis, we could not find a similar distribution of parental symptom severity in mothers (and fathers) like Sonuga-Barke et al[@b49-ndt-12-581] did. Most of the ADHD mothers in our sample (61%) reported low ADHD symptoms (0--7), a considerable amount (38%) displayed medium symptoms (8--15), and only one reported high symptoms (16 and over). According to Sonuga-Barke et al,[@b49-ndt-12-581] this would militate in favor of their accessibility for substantial parent training effects. The fathers reported a slightly different arrangement with almost half of them (47%) having each low and medium symptoms, whereas 6% of them showed high symptoms. Further investigation is needed to identify potential distributions in symptom severity that could count for missing parent training effects or child's therapy outcome. In addition, separating into only low versus high symptom levels might be more useful, like Banks et al[@b39-ndt-12-581] did.

To sum up, the main clinical outcome of our study is that parental ADHD is highly prevalent in families with ADHD children and adolescents even though family members do not show similar patterns of subtypes. If parents suffer from ADHD, this is not only a matter for adult psychiatrists or psychotherapists, but also for treatment of children and adolescents addressing parenting behavior. As ADHD in childhood is often associated with adverse family interactions that maintain or aggravate the syndrome,[@b74-ndt-12-581] parent training is substantial and recommended by several guidelines.[@b48-ndt-12-581] Yet those effects have not been documented and studies often show low methodological quality.[@b54-ndt-12-581] Besides the problem of generalization, this might be concerned with parental ADHD: in addition to the child ADHD severity, evidence that parental ADHD is a major predictor in the outcome of ADHD interventions is given: the higher the maternal ADHD, the lower the effect of parent training on the ADHD child.[@b49-ndt-12-581],[@b50-ndt-12-581] Furthermore, mothers with high levels of ADHD symptoms seem to have lower parenting self-esteem, a more external locus of control and less effective disciplinary styles.[@b39-ndt-12-581] Johnston et al[@b43-ndt-12-581] have outlined three types of cognitive dysfunction in adult ADHD that could lead to impairments in parenting competences: cognitive processes, self-regulatory deficits, and motivational or arousal difficulties. Parental ADHD characteristics as difficulty in keeping appointments, being restless during visits, being unable to remember instructions, having difficulties in sticking to behavior modifications or monopolizing the clinician's attention[@b42-ndt-12-581] must also be kept in mind as they could directly affect the child's therapy process. If necessary, the child's therapy setting must be adjusted for these parents[@b43-ndt-12-581] and parents with medium or severe ADHD symptoms should be motivated for separate therapy. In addition, those parents might need more structure, a higher level of instructions, more repetitions of important contents, more booster sessions, as well as more support for transfer into everyday life. Thus, screening parents of children with ADHD for adult ADHD is beneficial for the therapy outcome of their children. Screening the literature for a combined treatment of parental and child ADHD symptomatology, we could only find one randomized controlled trial reported by Jans et al.[@b75-ndt-12-581] They found maternal ADHD treatment and parent training to reduce children's externalizing behavior but to the same extent that a control group which received counseling did. Yet there was no placebo group, low treatment compliance, and no special treatment arrangements were made to counterbalance the maternal ADHD disadvantage as mentioned above. Altogether, it seems as if there is a lack of research focusing on the important relationship of concurrent ADHD symptomatology in children and their parents. Further studies are needed to examine the role of parental ADHD in therapeutic process.

Conclusion
==========

Parental ADHD seems to be an important factor in the therapy process of ADHD children. About 40% of ADHD children have at least one parent with clinical ADHD symptoms. Therefore, screening for parental ADHD might be useful to increase the child's therapy outcome.
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###### 

Sex, age, and medication for the participating children and adolescents according to ICD-10

  Group                 Sum          Sex         Age, years   Medication     
  --------------------- ------------ ----------- ------------ -------------- -----------
  Mixed subtype         58 (73.4)    49 (62.0)   9 (11.4)     11.05 (2.57)   22 (37.9)
  Inattentive subtype   21 (26.6)    14 (18.0)   7 (8.6)      11.31 (2.69)   7 (33.33)
  Total                 79 (100.0)   63 (80.0)   16 (20.0)    11.12 (2.59)   29 (36.7)

**Abbreviations:** ICD-10, International Classification of Diseases, 10th edition; M, mean; N, total number; SD, standard deviation.

###### 

ADHD symptomatology in mothers and fathers

            Mothers         Fathers                                  
  --------- --------------- --------- --------------- ------ ------- -------
  WURS-K    22.42 (10.99)   27.3      25.83 (13.92)   49.1   0.253   0.017
  ADHS-SB   12.17 (10.54)   33.8      14.54 (12.67)   43.1   0.125   0.352

**Abbreviations:** ADHD, attention deficit hyperactivity disorder; ADHS-SB, ADHS-Self-Report; M, mean; SD, standard deviation; WURS-K, Wender Utah Rating Scale.

###### 

Distribution of symptom severity in mothers and fathers

                                    Mothers      Fathers
  --------------------------------- ------------ ------------
  Low symptom severity (0--7)       46 (61.0)    23 (46.9)
  Medium symptom severity (8--15)   28 (37.7)    23 (46.9)
  High symptom severity (=16)       1 (1.3)      3 (6.2)
  Total                             75 (100.0)   49 (100.0)

**Abbreviation:** N, total number.

###### 

Distribution of diagnoses for mothers and fathers

                                                   Mothers      Fathers
  ------------------------------------------------ ------------ ------------
  Mixed subtype (DSM-5)                            11 (14.7)    9 (18.4)
  Hyperactive-impulsive subtype (DSM-5)            7 (9.3)      5 (10.2)
  Inattentive subtype (DSM-5)                      12 (16.0)    11 (22.4)
  Disturbance of activity and attention (ICD-10)   1 (1.3)      0 (0.0)
  No ADHD diagnosis                                44 (58.7)    24 (49.0)
  Total                                            75 (100.0)   49 (100.0)

**Abbreviations:** ADHD, attention deficit hyperactivity disorder; DSM-5, *Diagnostic and Statistical Manual of Mental Disorders*, 5th edition; ICD-10, International Classification of Diseases, 10th edition; N, total number.
